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Spore-dissemination of Eqnisetuiu. i

F. C. NEWCOMBE

(WITH PLATE IX.)

The subject of spore-dissemination of Equisetum may
be considered under three heads :

I. Elongation of the axis of the spike.
II. Structure of the sporangium-wall and its mode of

dehiscence.

Ill- Structure and action of the elaters.
Unless otherwise stated, these notes are wholly on Equi-
im arvense preserved in alcohol.setum

I. Elongation of the axis of the spike. —In the immature
spike the peltate scales which bear the sporangia on their
inner surfaces are closely united edge to edge, forming an
unbroken wall

; but as the spores are nearing maturity the
axis of the spike and the stalks of the peltate scales rapidly
elongate, causing each scale to become separated by a con-
siderable space from its neighbors. By careful comparison
01 cellular structure, this elongation see'med to be due to in-
crease in length of cells. Longitudinal sections from the
a ^is and scale-stalks of several spikes in which the scales
were about to separate were made, and similar sections from
ne corresponding parts of spikes with separated scales

each comparison the difference in length of cells was easily

Perceptible, the cells of the fundamental tissue in the differ-
nt axes giving as the result of many measurements of length

' ne r ?tio of 3 to 4. Thus, by the separation of the scales,
esultmg in the drying of sporangium-wall and spores, and

leftu g a means of escape for the spores after they have
eit the sporangium, the first step in spore-dissemination is

ac compli s hed.

7 .
• Structure of the sporangium-wall atid its mode of dc-

ZT?

—

Each of the numerous scales of the spike is at-

oned by a sta lk running from the center of the scale to the

?*in axis. Around the stalk and attached to the scale are

.J^nvejo ^ten s porangia, arranged in a single row. A
ntrtbution from the botanical laboratory of the University 01 Michigan.
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sporangium is shaped like the finger of a glove. The dehis-

cence extends the whole length of the sporangium, and is

always along the surface which is directed toward the stalk

of the scale.

Examined with the microscope, the sporangium- wall is

seen to be composed of several layers of cells. The atten-

tion is first caught by the appearance of the external layer

of colls. These are found to have a definite arrangement,
as indicated diagramatically in fig. 1. For convenience the

surface of the sporangium which is nearest the stalk may be

designated as the inner or ventral, and the opposite one as

the outer or dorsal surface. Along the ventral surface are

sometimes three, sometimes four, rows of cells, with their

• ong axes at right angles to the long axis of the sporangium.
Passing outward on each side from these rows of transverse

cells the other cells of the external layer of the wall become
more and more oblique, till on the dorsal surface they cor

respond in direction with the long axis of the sporangium.
In the three or four rows of transverse cells of the spo-

rangium-wall, usually one row is of shorter cells than those

composing the other rows, and the cells of this row are

trengthened by rings. The transverse cells of the adjoin-

ing rows are marked by both rings and spirals ;
and the

oblique and longitudinal cells are spiral, an annular cell be-

ing very rarely found among them (fig. 4). In Equisetuin
hyemale, however, though the transverse cells are mostly

marked with rings, the other cells, without definite arrange-
ment, are some annular and some spiral.

In addition to this outside layer of cells, the sporangium-
wall contains two or three other layers of cells, not so con-

spicuous as the annular and spiral cells just described, but

n ° n
u I**

leSS constan t- The sporangium-wall has been de-

scribed by authors as composed of a single layer of cells. In

i
;
quisetum arvense and hyemale this is certainly not the case.

mner or Kning cells have probably escaped notice be-

cause of the difficulty in detecting them by looking down upon
<>r through the sporangium-wall. If sections of the sporangium

e exam
.

ined
>

the inner layers of cells become clearly visible,

in working out this structure, groups of sporangia of Eqm-
setum arvense were carefully imbedded in paraffin, and
both longitudinal and transverse sections made on the rock-
ing microtome. On examination, the tissue was found to

luxe been injured in no way by the process of imbedding-
P1g- ^ is a portion of a longitudinal section of a-

sporangium

The
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with a part of the peltate scale and of the stalk : a, portion
ot the scale-stalk ; b, section of the transverse cells of the
ventral wall of the sporangium ; c, section of the dorsal wall
ot the sporangium ; below the sporangium is the scale in

which the libro-vascular bundle is seen to end. The spiral

cells of the dorsal surface are continuous with the epidermal
cells of the scale. Occasionally a spiral or annular celi is

found in this epidermis. Fig. 6 is a transverse section of a

sporangium-wall, midway between base and apex. In three

positions —one dorsal and the other two lateral —the wall is

strengthened not only by an increase in size of the spiral

cells, but also by a greater number of the inner or lining

cells. As we approach the region of the ventral transverse
cells, the sporangium-wall becomes thinner and thinner by the

decrease in number and size of the lining cells. Sometimes
as shown in rig. 6 at a—the lining cells can be seen to be con-
tinued across the external transverse cells ; but here the in

ner cells are always reduced to a single very thin layer.

Usually this layer of lining cells disappears in the ventral

^ion ; for it becomes closely appressed to the transverse

cells. From the base to the" apex of the sporangium, the

lining cells are never more than one layer thick in the region
of dehiscence, while dorsallv and laterally these cells are

three layers thick at the base and two layers thick at the

apex.

Sablou 2 found that the length of the moist spiral cell was
to that of the same cell when dry as 20 to 14, while the width
] s imperceptibly lessened.

in alcoholic material the relative length of the cell when
moist and when dry is, with slight variation, as 2 to 1 ;

the

relative width, as 4 to 3. From
-

the arrangement of the ex-

ternal cells of the wall, it is evident that the sporangium wilJ

contract in length much more along the dorsal than along

the ventral surface. In fig. 3 the position of the line of de-

hiscence in the moist sporangium is indicated by an un-

Dr oken line. From what we know concerning the arrange-

ment of the external cells and their contraction, we should

f-?Pect, in drying, one edge of the wall along the line of de-

fence to move to the position indicated in fig. 3 by a dot-

ed line-this line moving, as it passes from the base, more

"*> more from its original position. And this is exact}

Jjat happens, as shown by fig. 2, which gives the appeal

-

^eot an open sporangium.
Annales d es Science, 7 Series, Tome 2.
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The act of dehiscence of the sporangium was observed in

six cases. The rupture begins near the apex, a little toward

the ventral surface. The opening is at first irregular, with

radiating lines extending between surrounding cells ; but

soon the dehiscence takes a definite direction between two

rows of transverse cells —this being the place where the wall

is thinnest, and the line between adjacent rows of external

cells straightest. The line of dehiscence in its descent to

the base frequently passes from one side of a row of trans-

verse cells to the other side. Near the apex especially the

dehiscence is usually quite irregular, as shown in fig. 2.

What is the function of the transverse cells? It can not

be merely to pull the wall apart ; this is accomplished in a

greater degree by the oblique and longitudinal cells. The
transverse cells prevent the ventral wall of the sporangium
from shortening equally with the dorsal wall— thus assisting

in dehiscence and causing the edges of the open sporangium
to gape widely.

III. Structure and action of the elaters. —The external

coat of the spore divides at maturity into four narrow, spiral

bands—the so-called elaters— as shown in fig. 7. If the

pore be allowed to dry, or if it be immersed in glycerine,
the elaters will unwind as shown in fig. 8, remaining at-

tached to the spore at one point. If in fig. 7 we call the

positions of the expanded ends of the elaters the poles of the

spore, then the elaters are attached to the spore at the equa-
tor When the elaters are outstretched they may, as stated

by bachs, assume the form of a cross ; but they do not cross

one another. Often, in straightening out, the elaters become
detached from the spore. If one such detached elater be

examined, there will frequently be found, about halt-way
irom end to end, a very thin bit of membrane attached by
one edge to the elater (fig. 8). This piece of membrane ha
the appearance of having been peeled off the surface of the

spore. r

To account for the hygroscopic movements of the spores,
me elaters have been described by Sablou as composed
two lavers-an external cellulose' layer, and an internal

Kver of hgmne. Two layers may be demonstrated both

mechanically and chemically. If pressure be exerted on the

XZ' g
-ffv f t0 crush the spores underneath, some of the

elaters will be found in the condition shown in fig. w. Her

innrL
18

K
an

?
Vlde

,

nt se Pa ™tion between the two layers-. "
Pores be placed in Schultze's solution or in picrocarmine.
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the two layers of the elater are differently stained. The
outer layer is probably cellulose and the inner lignine, as

stated by Sablou. In Schultze's solution the outer layer
does not seem to give a characteristic cellulose reaction ; the
inner layer is stained yellowish brown. In iodine solution,

with subsequent addition of sulphuric acid, the outer layer
of the elater shows, after an hour or two, a decidedly blue
color.

Perhaps the most noticeable feature of the minute struct-

ure of the elaters is the striation of the cellulose layer, dis-

tinguishable without the use of reagents, but made a little

more distinct by the application of caustic potash. Every-
thing seems to indicate that the cellulose layer is built up of

oblique laminae, separated by much thinner plates of a sub-

stance of different refractive power. If an elater lies in a

position vertical to the view, with either its external or lat-

eral surface toward the observer, the direction of the laminaj

is from left to right downward (tigs, io-ii). That these are

really laminae is proved bv their tendency to separate under
pressure instead of breaking across (fig. n). By actual

measurement, these laminse are found to be thinner when
dry than when moist. The result of such shrinking is the

unwinding of the elaters, provided that the shrinkage is less

in the inner layer. A cross-section of an elater gives the

form indicated in fig. 12.

, Recapitulation: I. The first step in spore-dissemina-
tion is the separation of the sporangia-bearing scales by the

elongation of the axis of the spike, thus allowing free circu-

lation of air for drying spores and sporangia, and providing

°pen spaces for the escape of the spores after dehiscence of

the dry sporangia.
II. The comparatively straight columns or rows of trans-

verse cells in the ventral wall of the sporangium, togetnei

with the thinning out of the wall in this region, furnishes a

hne of weakness which becomes the line of dehiscence.

Moreover, the unequal contraction in length and width 01

«ie strong external layer of cells of the sporangium-waJJ re-

sults in a great shortening of the dorsal wall and a sligni

shortening of the ventral wall, thus causing a wide opening

n ^ ruptured sporangium for the passage of the sp ^-
The hygroscopic properties of the elaters seem to DCisai-

W&Ctorily explained by the difference in chemical composi-

ion ot the two layers composing them. , .

The function of the elaters Is twofold: (1) to push the
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spores out of the sporangia : (2) to furnish sails for catching

the wind by which the spores are distributed.
Aim Arbor, Mich.

Explanation of Plate ix.— Fig. 1. Sporangium of Equisetum
arvense, X 50. This iigure is diagrammatic ; but the cells are represented
in true position and size; a, probable line of dehi>cenee; on each side of

this line are the transverse cells; at the left are the longitudinal cells of

the dorsal wall; and between transverse and longitudinal cells are the

oblique eel's.

Fig. 2. Sporangium of E. arvense after dehiscence, X 30.
Fig. 3. Diagram of a sporangium of E. arvense, X 80. The unbroken

median line shows the position of the line of dehi-*ence before rupture;
the dotted line shows the relative amount of shortening of the dorsal and
ventral surfaces of the dry sporangium. The dotted line would also rep-

resent one border of the gape into the ruptured sporangium.
* ig. 4. Portion of the wall of E. arvense, to show cells in the region

ol the line of <Jehiscence, X 175. Here are three rows of transverse cells

containing rings and spirals.
Fig. 5. Longitudinal section of the lower part of a sporangium of

.b. arvense, with a portion of the scale and scale stalk, X 125 : a, cells of the
s.-ale stalk; 6, section of the ventral transverse cells of the sporangiura-
waii

;

c, section of the dorsal wall of the sporangium. Below the cavity
u! the sporangium is a portion of the peltate scale.

*ig. b. Transverse section of a sporangium of E. arvense, midway
between base and apex, X 125: a, probable location of the line of dehis-
cence.

350.

F"g- i Spore of E. arvense, with the elaters beginning to unwind, X

Fig. 8. Same with elaters outstretched, X 350.
Jig. y. One of the elaters of the same, showing triangular membrane

at the place of attachment, X 350.

1. p fvf,\}° t 'u
?orticm of an' elater of the same, showing separation of cellu-

le from the inner layer, X 700.

twPPnfLl l

Lx Pande(l end of an elater of E. arvense, showing a split be-
tween tno laminae, x 700.

*>g. 12. Cros> -section of an elater of the same, X 7 00.

Personal reminiscences of Dr. Asa Grav.
1

C. V. RILEY.

erthT^ K! CSt ° f America's botanists, Asa Grav. will nev

e en i IK
re ™ember «1 fer many other qualities. He wa

his own 2 a
,
8el f-raademan, and rose to preeminence through

thus^J^ qUaHtieS of hea * ^d head, coupled with COr

l^^^lperseverance. There was nothing stilted or

ington.Tpril Hfc 1 the Gray memorial meeting, held by the Biological Society uf »•*


